Introduction
Mass spectrometry has been applied to the characterization of inorganic and organometallic substances for many years, but the traditional electron impact method of ionization is generally limited to thermally robust, neutral compounds of low molecular mass.
i Electrospray mass spectrometry (ESMS) is a relatively new ionization method introduced in the mid-1980's, largely by Fenn and co-workers.
ii Its gentle ionization process easily supercedes the more established mass spectrometric techniques, including fast atom bombardment (FAB). ESMS was quickly exploited by researchers working with biomolecules because proteins and other high-mass, thermally-sensitive substrates could be readily analyzed. iia, iii Only recently has there been corresponding interest from inorganic chemists. iv,v Our main interests in the area of inorganic ESMS lie in the development of the technique to monitor chemical reactions. In a parallel study, we have demonstrated its utility of the technique in probing the chemistry of Pt 2 (-S) 2 (PPh 3 ) 4 . vi While there is a substantial chemistry reported on Pt 2 (-S) 2 (PPh 3 ) 4 , vii studies on the coordination chemistry of the 2 {Pt 2 Se 2 } core have been little studied. The nucleophilicity of the selenide centres is poorly understood whilst the ability of Pt 2 (-Se) 2 (PPh 3 ) 4 to interact with different metal species is potentially rich. In this paper, we discuss the ESMS-monitored reactions between Pt 2 (-Se) 2 (PPh 3 ) 4 1 with tin(IV) substrates. A prime objective of this work is to establish a potentially facile route to assemble heterometallic selenide aggregates and clusters which are relatively rare in the current literature.
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Results and discussion

ESMS-monitored reactions
General observations
The reactions of the metalloligand Pt 2 (-Se) 2 (PPh 3 ) 4 1 with a range of tin(IV) complexes have been examined using electrospray mass spectrometry (ESMS). Tin has a strong affinity for both sulfur and selenium. ix ESMS data for reactions between 1 and the tin substrates are summarized in Table 1 . Although hydrolysis by the protic solvent (MeOH) on the Sn-Cl species would be expected to occur, no Sn-OMe species was detected.
Displacement of one or two labile halide ligands through nucleophilic attack of the Se atoms of 1 is commonly observed, which then leads to the formation of cationic aggregates.
Most reactions gave both mono-and di-cations through loss of one and two ligands respectively. Di-cations became the dominant species when more substrate was added to these reaction mixtures. As the cone voltage was increased, mono-cations were the common dominant peaks in the spectra. Cone voltages were varied up to a maximum of 80 V, beyond which as fragmentation was observed. Syntheses and characterization of these {PtSeSn(IV)} charged aggregates were followed up, along with the postulations of major products made from this series of ESMS studies. The isolated products elucidated through elemental, NMR and single-crystal X-ray diffraction analyses corresponded to the respective species postulated in ESMS, which demonstrated that ESMS not only can help to monitor the progress of reactions but also provide a preliminary "screening" of the feasibility of reactions prior to lab-scale syntheses.
NMR studies
NMR analysis has been performed on the newly synthesized {Pt 2 Se 2 Sn(IV)} aggregates. We were unable to observe any distinct 2 J(P-Se), which is probably too small to be detected because of the small magnitude of the coupling and low abundance of 77 Se 
Structural results
6
A structural analysis was carried out to investigate the effects on the {Pt 2 Se 2 } core of 1 upon coordination to tin substrates. Crystallographic data for compounds 5b, 7a·3.5CHCl 3 and 7b are given in Table 2 , while their pertinent bond distances and angles are in Tables 3-5. Figs. 3-5 illustrate the cationic structures of all the compounds with atomic numbering schemes. Fig. 3 shows the structure of the cationic aggregate of 5b. X-ray analysis revealed that compound 5b consists of an {SnMe 2 
Conclusions
The powerful ability of ESMS to monitor the progress of reactions of selenide species has been demonstrated. Before the start of a reaction, ESMS is used to check whether the reaction is spontaneously feasible and the number of major products formed. After starting the reaction, ESMS further monitors its progress till the point where the product is isolated. 
Experimental
Mass spectrometry
Samples for ESMS analysis were prepared by dissolving 1 and substrate (both 10-100 g) in 1 mL MeOH. Electrospray mass spectra were obtained with a VG Platform II mass spectrometer with the methanol mobile phase driven at 0.02 mL min -1 using a Thermo Separation products SpectraSystem P1000 LC pump. Samples were injected via a Rheodyne valve fitted with a 10 L sample loop. The source temperature was 60C. The capillary potential tip was 3500 V, with nitrogen used both as a drying and a nebulizing gas. The skimmer cone voltage was usually 5 V when clean parent ions were required, and was varied up to 80 V to investigate fragmentation processes. Peaks were assigned from the m/z values and from the isotope distribution patterns that were simulated using the ISOTOPE program. The m/z values given are for the most intense peak in the envelope in each case.
Materials
The substrates used for analysis were 
Crystal structure determination and refinement
The data collection was performed on a Bruker AXS SMART diffractometer, equipped with a CCD area-detector using Mo-K radiation ( = 0.71073 Å). 
